In recent studies of inclusive B decays, it has been suggested that either B mesons decay much more copiously to final states with no open charm than currently assumed, or B(D 0 → K − π + ) has to be reduced significantly. This note takes the experimental B(D 0 → K − π + ) at its face value and estimates B(b → no open charm) using complementary methods: one accounts for the c quark in b → c transitions, the other accounts for the c quark in b → ccs transitions. Through cancellation of errors, the average gives our best estimate of B(b → no open charm), and the difference measures the consistency. The results of the methods are consistent with each other, strongly suggesting a much enhanced B(b → no open charm). This observation indicates that non-perturbative QCD effects are probably causing a sizable fraction of the b → ccs transitions to be seen as charmless b → s processes, contrary to smaller traditional expectations. This mechanism has generally been overlooked and may explain the existing experimental data within the framework of the standard model. We then briefly discuss implications on baryon production governed by b → ccs processes, rare hadronic B decays and CP violation studies.
I. INTRODUCTION
The puzzle of inclusive nonleptonic B decays started out several years ago as the discrepancy between the theoretical prediction and the experimental measurement of the semileptonic branching ratio [1] [2] [3] [4] . Theoretical analyses found it difficult to accomodate B sℓ below 0.125 [3] , while the experimental value is [5] B sℓ ≡ B(B → Xe −ν ) = 0.1049 ± 0.0046 ,
where B represents the weighted average of B − and B 0 . * It was realized that there is a large uncertainty in the theoretical estimate of the b → ccs rate. The rate could increase due to either a small charm quark mass or a failure of local duality [3, 4] , lowering the prediction for B sℓ down to the experimental value. It would do so, however, at the expense of boosting the charm multiplicity per B decay (n c ) to around 1.3 which is significantly larger than the current experimental value [7] :
n c = 1.10 ± 0.05 .
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The puzzle was thus rephrased as the inability of theory and experiment to agree simultaneously on B sℓ and n c [4] . Subsequently, the inclusion of finite charm masses in next-to-leadingorder (NLO) calculations was found to enhance the b → ccs rate by about 30% [8] [9] [10] [11] .
The NLO calculations, however, are not complete (because penguin effects have not yet been included to NLO) and also suffer from large uncertainties due to charm quark mass, renormalization scale and α s (M Z ). More significantly, the calculation is based on the underlying questionable assumption of local quark-hadron duality. While duality assumes an inclusive rate based on 3-body phase space, the b → ccs transitions proceed sizably as quasi-two body modes, which may enhance the inclusive b → ccs rate considerably [4] .
It was then shown [12, 13] that the uncertainty in b → ccs can be circumvented by noting that B sℓ and n c satisfy a linear relation with the theoretical input of † [8] r 6) where
has been observed by both CLEO [14] and ALEPH [15] at approximately half the level as predicted. The observation of the wrong-charm D's does not alleviate the charm deficit problem, since the input to the experimental value of n c is the total inclusive yield of D and
Refs. [6, 16] tried to solve the charm deficit problem and related issues by reducing 
The branching fractions quoted by experiments are the average number of particle T per B decay (weighted over charged and neutral B productions). When the particle T is a charmed hadron, however, it is safe to assume that the average number of particle per decay is the same as the branching fraction.
B meson decays can be classified as b → clν(l = e, µ, τ ), cud ′ , ccs ′ , ucs ′ , and no charm. ‡ Then, accounting for the weakly decaying charmed hadrons originating from the c quark in the b → c transitions, we obtain
where
with (cc) being charmonia not seen as DDX, and N c denotes any of the weakly decaying charmed baryons (namely, Λ c , Ξ c or Ω c ). The branching fraction B(b → ucs ′ ) is small, and estimated to be
where η ≈ 1.3 accounts for the larger QCD corrections in W →cs ′ transitions [9] [10] [11] with respect to those in W →ūd ′ [8] . Aside from this tiny correction, Method A involves essentially no theoretical input.
The experimental inputs used in (2.2) are given in Tables I -III. Table I shows the flavorblind number of each particle type per B decay (Y T ) and 
The measured ratios are given in Table II .
Using the values in Tables I -III and the definition
The same quantity can be inferred from the ALEPH measurement of B → DDX [15] Table III ). This conclusion has been confirmed by ALEPH [15] .
The most accurate measurements regarding charmed baryon production in B decays involve Λ c baryons. In contrast, Ξ c production in B decays involves large experimental uncertainties, and the Ω c yield has not yet been observed. Instead of the uncertain and nonexistent measurements, Refs. [6, 16] inferred the inclusive N c yields by correlating them to the more accurately measured Λ c yields (see Appendix). It predicted the Ξ c production to be drastically reduced with regard to the measured central value [22] . The drastic reduction can be traced back to a large enhancement in the absolute BR scale of Ξ c decays, a conclusion supported by recent work of Voloshin [23] .
We now turn to the second way (method B 
Here R is the 'remainder' of B branching fractions after reliable components have been subtracted:
The normalized tau semileptonic rate
is reliably estimated by theory [24] , and is consistent with present measurements. Using this as well as Eqs. (1.1) and (1.3), one finds R = 0.35 ± 0.05. This result changes only minimally to
when Pauli interference and W annihilation effects are taken conservatively into account [25, 26] . Our prediction (2.11) for R combines the most accurate information available from both theory and experiment.
Using the experimental values from Tables I -III, In (2.13), we have used B(B → DX) given by (2.7) and
with all other inputs (including Y D ) being identical to those of (2.12). Table III ) cancel: 
Here B(b → s ′ ) includes b → s ′ (ng, qq) processes and interference effects.
The b → u transitions are not large (∼ 1%) because of the small value of |V ub /V cb |, while the b → s ′ transitions have been argued to be small due to the small Wilson coefficients of penguin operators [27] . Traditional estimates yield [13] B(b → no charm) = 0.026 ± 0.010 (traditional guess).
Conventional charmonia (cc) production in B decays has been estimated to be [13] B(B → (cc)X) = 0.026 ± 0.004 (traditional guess). New physics is one possible solution [18] . But before drawing that conclusion, all standard model explanations, including non-perturbative effects, have to be ruled out. We hypothesize that non-perturbative effects could cause a significant fraction of cc pairs produced in B decays to be seen as light hadrons [2] . This hypothesis does not modify the previous analysis since the expressions for methods A and B [Eqs. (2.2) and (2.8)] allow for cc transformations to light hadrons and only assume that singly produced charm decays weakly.
How realistic is such a scenario? The QCD corrected operator responsible for the b → ccs transition can be written as (neglecting the small conventional penguin contributions) § Eq. (3.4) is clearly unreliable and one should search for not only η c in B decays [22] but also for
The estimate for the coefficient of the color-singlet term (c 1 + c 2 /N c ) ranges from 0.10 to 0.25 and is much smaller than c 2 ≈ 1.1 [28] . Thus, the cc quark pair is produced dominantly in a color-octet configuration. This means that the cc pair can annihilate into a single gluon. Such effects, however, have already been included in the short-distance, perturbative calculations of b → s ′ . Whatever may enhance the cc transformation into light hadrons should then be due to non-perturbative effects.
One possibility is that light hadrons have a non-negligible cc component [29, 30] . The part of the light hadron [π, ρ, K ( * ) , etc.] wavefunction that involves intrinsic charm will have maximal amplitude at minimal off-shellness and minimal invariant mass [29] . Thus it maybe significant that the cc pairs produced in b → ccs transitions favor low invariant masses (see Figure 2 ).
Another candidate is a sizable production of ccg hybrids (denoted as H c ) [31] [32] [33] [34] [35] where the cc pair is expected to be predominantly in a color-octet state. are rich and poorly known. We thus consider it important to investigate further theoretically and experimentally whether a significant portion of cc pairs produced in B decays could be seen as light hadrons. * * We are grateful to J. Kuti for pointing this out to us.
IV. SYSTEMATICS AND CORRELATIONS AMONG OBSERVABLES
The self consistency of inputs can be checked by taking the difference of the two methods which should equal zero: The CLEO data are clearly self consistent, but the ALEPH data also are not inconsistent.
Equivalently, equating methods A and B, we obtain a relation among input parameters
. among which r ud is the only significant theoretical input (other theoretical parameters are either reliable or small). This relation can be used to check the self consistency of the inputs, or to solve for one of the parameters in terms of all else.
Solving for B(D
, r D , and r ud , one obtains (using CLEO data only) 
B. Charmed baryon yield
We decided not to use the experimental Ξ c data, and adopted a model prediction which Neither flavor-tagging nor B 0 − B 0 mixing corrections would be necessary, if a large charged B sample could be isolated.
D. r ud
Another possibility is that theory is unable to predict r ud reliably. Local quark-hadron duality may not hold. Once local duality is assumed, the most important uncertainty lies in the choice of scale µ, as mentioned earlier [8] . Figure 3 demonstrates a troubling aspect of the calculation. Contrary to expectation, there is no significant reduction in sensitivity on µ when going from leading-order to next-to-leading order. Maybe r ud has a significantly larger uncertainty than currently appreciated. It is gratifying to note that the recent measurements of wrong charm yields allow the experimental determination of r ud , which agrees with theory.
If the theoretical estimate of r ud is not to be trusted, one has to rely on method A which does not depend on r ud . Note that the averaging used in method C reduces the sensitivity to the uncertainty in r ud . The charm deficit would disappear due to the lower value of B(D
is measured to be around 0.2 with good accuracy, then one suspect would be a mismea-
. A more plausible culprit, however, would be a smaller r ud than theoretically predicted, as discussed next. 
Appendix
The ALEPH measurement of B → DDX [15] is 
B( (−)
B → N c X) can be related to the measurements on Λ c using a model [6, 16] 
B → N c X) is listed in Table V .
The predicted Ξ c production is found to be much smaller than the measurement, and when any of the assumptions are relaxed toward more realistic ones, the prediction becomes even smaller. Following the ideology presented in Refs. [6, 16] , the results of the model can be interpreted therefore as model-independent upper limits on strange charm baryon yields in B decays.
There exists another minor modification. Refs. [6, 16] N X are observed, which were predicted from simple Dalitz plot arguments. Refs. [6, 16] thus argue to use [46] B(Λ c → pK
a value adopted throughout this note. 0.107 ± 0.034 [14] f Ds ≡ Quantity CLEO [7] ALEPH [37] OPAL [38] ( 
B(B→D

